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The orbital distribution of the spin fluctuation in the iron-based superconductors(IBSs) is the
key information needed to understand the magnetism, superconductivity and electronic nematicity
in these multi-orbital systems. In this work, we propose that the resonant inelastic X-ray scatter-
ing(RIXS) technique can be used to probe selectively the spin fluctuation on different Fe 3d orbitals.
In particular, the spin fluctuation on the three t2g orbitals, namely, the 3dxz, 3dyz and the 3dxy
orbital, can be selectively probed in the σ → pi′ scattering geometry by aligning the direction of
the outgoing photon in the y, x and z direction. Such orbital-resolved information on the spin
fluctuation is invaluable for the study of the orbital-selective physics in the IBSs and can greatly
advance our understanding on the relation between orbital ordering and spin nematicity in the IBSs
and the orbital-selective pairing mechanism in these multi-orbital systems.
PACS numbers:
The multi-orbital nature of the iron-based supercon-
ductors(IBSs) is the most important origin for the novel
properties of this new family of unconventional super-
conductors. Mounting evidences have been accumulated
through the years for the importance of the orbital de-
gree of freedom in the magnetism, superconductivity and
the electronic nematicity of the system. For example,
electron in different Fe 3d orbitals may experience differ-
ent strengths of electron correlation and a two compo-
nent picture with both itinerant electron and local mo-
ment may be necessary to understand the magnetism of
the IBSs1–5. Indeed, recent ARPES measurements have
found large difference in the mass renormalization factor
for electron in the five Fe 3d orbitals. Such a phenomena
is generally termed as orbital-selective Mottness(OSMT).
At the same time, electron in different Fe 3d orbitals may
prefer different magnetic correlation patterns6–10. More
specifically, electron in the 3dyz and 3dxz orbital prefer
magnetic order with a wave vector of Q = (pi, 0) and
Q′ = (0, pi) respectively as a result of their different nest-
ing condition on the Fermi surface. Such a phenomena is
dubbed orbital-selective spin fluctuation(OSSF) by Fan-
farillo et al11–14. The study of the origin and nature
of the OSMT and OSSF phenomena is the key to un-
derstand the relation between orbital ordering and spin
nematicity in the IBSs and the orbital selective pairing
mechanism in these multi-orbital systems15–21.
With such a rich expectations on the orbital-selective
physics in the magnetism of the IBSs, it is quite embar-
rassing to find that there is almost no efficient way to
probe the orbital character of the spin fluctuation in the
IBSs. In principle, the orbital character of the magnetic
fluctuation can be inferred from the atomic form factor
in the inelastic neutron scattering measurement. How-
ever, the difference in the atomic form factor of the Fe
3d orbitals is rather small, since the atomic form factor
is determined solely by the electron density distribution,
rather than the wave function of the electron orbital.
In this paper, we propose that the resonant inelastic
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FIG. 1: (Color on-line) Illustration of the Fe L3-edge RIXS
process studied in this work. The Fe L3-edge RIXS process is
a direct RIXS process and is composed of the following two
steps: (a)the incident photon with momentum kin excites a Fe
2p
3
2 core electron into the Fe 3d shell, (b)the Fe 2p
3
2 core hole
left behind by the photon excitation is annihilated by another
electron in the Fe 3d shell, accompanied by the emission of
a scattered photon with momentum kout. The RIXS process
effectively creates a particle-hole pair in the Fe 3d shell.
X-ray scattering(RIXS) technique can be used to probe
the orbital character of the spin fluctuation in the IBSs.
We find that one can couple selectively to the spin fluc-
tuation on a given Fe 3d orbital by choosing properly
the polarization of the incident and outgoing photon.
We have derived the explicit form for the RIXS selec-
tion rule and suggested the relevant scattering geometry
for studying the OSMT and OSSF physics in the IBSs.
The information provided by such orbital-selective mea-
surement will greatly advance our understanding on the
relation between orbital ordering and spin nematicity in
the IBSs and the orbital-selective pairing mechanism in
these multi-orbital systems.
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2In this study, we will focus on direct RIXS process,
which is a two-step process to probe the electronic ex-
citation in the valence shell using an atomic resonance
between a core level and the valence shell as an interme-
diate step23. The Fe L3-edge resonance between the Fe
2p
3
2 core level and the Fe 3d valence shell is just such a
resonance and has already been used to probe the mag-
netic fluctuation in the heavily doped IBSs24. The RIXS
process at the Fe L3-edge is illustrated in Fig.1. The in-
cident photon first excite a core electron in the Fe 2p
3
2
state into the Fe 3d shell(Fig.1a). The hole left behind
by photon excitation is then annihilated by another Fe
3d valence electron(Fig.1b), accompanied by the emission
of a scattered photon. The RIXS process thus effectively
creates a particle-hole pair in the Fe 3d shell. As the reso-
nance energy can be quite high, the momentum transfer
by the scattered photon can be quite large. RIXS can
thus be used to probe excitation in a large portion of the
Brillouin zone. At the same time, as a result of the strong
spin-orbital coupling in the Fe 2p
3
2 core level, RIXS can
also be used to probe the spin dynamics of the valence
electron. We note that the Fe L3-edge RIXS spectrum of
the IBSs has already been computed in the random phase
approximation scheme in a previous study25. However,
the power of polarization resolution has not been fully ex-
plored in this early study, in which only the polarization
of the incident photon is specified. This greatly limit the
possibility of resolving the orbital character of the spin
fluctuation in the IBSs with the RIXS technique.
The general theory of direct RIXS process is now well
established22 and has been summarized in the excellent
review article23 by Ament et al. Here we will adopt the
notations of this review. Using the second order pertur-
bation theory, the transition amplitude induced by the
photon scattering can be expressed as23
Ff,g = 〈f |D†outG(z)Din|g〉. (1)
Here |g〉 and |f〉 are the initial and final state of the sys-
tem. G(z) =
∑
n
|n〉〈n|
z−En is the propagator for the interme-
diated state after the first photon excitation. |n〉 is the
intermediate state with a core hole, z = Eg + h¯ω + iΓn.
Eg and En are the energies of the ground state and the
intermediate state, Γn is the inverse life time of the in-
termediate state caused by other non-radiative atomic
processes. h¯ω is the energy of the incident photon.
D = 1imω
∑
i e
ik·ri · pi is the transition operator corre-
sponding to the nonmagnetic coupling between the pho-
ton and the electron(this is just the usual A · p term).
Here  is the polarization vector of the incident or out-
going photon. ri and pi are the position and momentum
operator of the i-th electron.
The expression of the transition amplitude Ff,g can be
simplified by the following two approximations. Firstly,
since the radius of the Fe 3d orbital is much smaller than
the distance between neighboring Fe ions in the IBSs, the
dipole approximation is applicable23 and we can approx-
imate the plane wave factor eik·ri in the transition oper-
ator D by a constant eik·Ri , in which Ri is the position
of the atomic site that the i-th electron resides. Under
the dipole approximation, the RIXS transition amplitude
becomes
Ff,g = 〈f |(out ·D†kout)G(z)(in ·Dkin)|g〉, (2)
in which Dk =
∑
i e
ik·Riri is the dipole operator at the
photon wave vector k. Here we have used the operator
identity pi =
m
−ih¯ [
p2i
2m + V (ri), ri] =
m
−ih¯ [Hi, ri] to rewrite
the matrix element of D as
〈n|D|g〉 = En − Eg
h¯ω
〈n|
∑
i
eik·Ri · ri|g〉,
and then used the resonance condition h¯ω = En−Eg. As
a second approximation, we neglect the interaction effect
in the intermediate state and treat the denominator of
G(z), namely, z−En, as a constant. This is the so called
fast-collision approximation26,27, which is valid for direct
RIXS process studied in this paper28. Under the fast-
collision approximation, G(z) of the Fe L3-edge RIXS
becomes
G(z) ≈ 1
iΓ
2p
3
2
∑
i,mj
|i, 3
2
,mj〉〈i, 3
2
,mj |.
Here |i, 32 ,mj〉 denotes the state in which a core hole is
created by the photon excitation at site i in the mj-th
component of the Fe 2p
3
2 multiplet.
Under these two approximations, one find that
Ff,g ∝ 〈f |
∑
i
eiq·RiTi |g〉, (3)
in which q = kin − kout is the momentum transfer from
the scattered photon. Ti is a transition operator acting
on the Fe 3d electrons on site i and is given by
Ti =
∑
mj
rout|i, 3
2
,mj〉〈i, 3
2
,mj |rin, (4)
in which rin = in · r and rout = out · r. As a result of the
spin-orbital coupling in the 2p core level, Ti can induce
both spin conserving and spin flip transitions in the Fe
3d shell. Completing the summation over mj , we find
that Ti can be written as the following second quantized
form
Ti =
∑
µ,ν,σ
nµ,νc
†
i,µ,σci,ν,σ
+
∑
µ,ν,σ
szµ,νσc
†
i,µ,σci,ν,σ
+
∑
µ,ν
s+µ,νc
†
i,µ,↑ci,ν,↓
+
∑
µ,ν
s−µ,νc
†
i,µ,↓ci,ν,↑. (5)
Here µ, ν = 1, .., 5 is the index of the Fe 3d orbitals.
We will use the following convention for the 3d orbitals,
3namely, |1〉 = |xz〉, |2〉 = |yz〉 and |3〉 = |xy〉 for the
three orbitals in the t2g subspace, |4〉 = |3z2 − r2〉 and
|5〉 = |x2 − y2〉 for the two orbitals in the eg subspace.
σ =↑, ↓ is the spin of the valence electron. ci,µ,σ is the
annihilation operator for a spin-σ electron on the µ-th
orbital of site i. The matrix elements in Eq.(5) are given
by
nµ,ν =
2
3
∑
m
〈µ|rin|m〉〈m|rout|ν〉
szµ,ν =
1
3
∑
m
m〈µ|rin|m〉〈m|rout|ν〉
s+µ,ν =
1
3
∑
m
Am〈µ|rin|m〉〈m+ 1|rout|ν〉
s−µ,ν =
1
3
∑
m
Am〈µ|rin|m+ 1〉〈m|rout|ν〉, (6)
in which |m〉 is the eigenstate of lz with eigenvalue m,
Am =
√
2−m(m+ 1).
To simplify the analysis of the selection rule in the
tetragonal environment, we expand the 2p core level |m〉
in the basis of real harmonics with the px, py and pz
character as
|+ 1〉 = − 1√
2
(|x〉+ i|y〉)
|0〉 = |z〉
| − 1〉 = 1√
2
(|x〉 − i|y〉). (7)
One then find that the RIXS matrix elements become
nµ,ν =
2
3
∑
α
〈µ|rin|α〉〈α|rout|ν〉
sαµ,ν =
i
3
∑
β,γ
αβγ〈µ|rin|β〉〈γ|rout|ν〉. (8)
Here α = x, y, z, αβγ is the anti-symmetric tensor.
With these matrix elements in hand, we can calculate
the RIXS cross section of Fe 3d excitation in both the
density and the spin channel. In the paramagnetic phase,
in which the spin is a conserved quantity, they are given
by
IdensityRIXS (q, ω) ∝ −Im[
∑
µν,µ′ν′
n∗µνnµ′ν′ Dµν,µ′ν′(q, ω)]
IspinRIXS(q, ω) ∝ −Im[
∑
µν,µ′ν′,αβ
(sαµν)
∗sβµ′ν′ χ
αβ
µν,µ′ν′(q, ω)].
(9)
Here D and χ are density and spin correlation function
defined as follows
Dµν,µ′ν′(q, τ) = −〈 Tτnµν(q, τ) nµ′ν′(−q, 0) 〉
χαβµν,µ′ν′(q, τ) = −〈 Tτ sαµν(q, τ) sβµ′ν′(−q, 0) 〉,
(10)
in which ni,µν =
∑
σ c
†
i,µ,σci,ν,σ is the density operator on
site i, sαi,µν =
1
2
∑
γ,γ′ c
†
i,µ,γσ
α
γ,γ′ci,ν,γ′ is the spin density
operator in the α direction on site i. In the magnetic
ordered phase with a collinear AF order along the z axis,
the density fluctuation is entangled with the longitudi-
nal spin fluctuation. One should then defined separately
the density operator for the up spin and the down spin
component, whose fluctuations are entangled25.
To see more clearly the selection rule in the RIXS pro-
cess, we split sαµν into its hermitian and anti-hermitian
part, which correspond to the spin density and spin cur-
rent excitation in the orbital space. In this study, we
will focus on the spin density excitation, since the spin
current excitation is in general a manifestation of the itin-
erant nature of the electron motion and only contribute a
weak continuum in the spectrum. It is easy to show that
the hermitian part of sαµν is asymmetric with respect to
the exchange between rin and rout and thus proportional
to in × out. As a comparison, we note that the hermi-
tian of nµ,ν is symmetric with respect to the exchange
between rin and rout.
Such a difference in the symmetry property of the spin
and density excitation can be used to separate them
in the RIXS measurement. To detect the spin excita-
tion, one can employ the σ → pi′ scattering geometry(see
Fig.2). Here σ denotes that the polarization of the in-
cident photon is perpendicular to the scattering plane,
pi′ denotes that the polarization of the scattered photon
is within the scattering plane. Such a scattering geome-
try has already been used in a recent RIXS study on an
electron-doped cuprate superconductor29. On the other
hand, to detect the density difference between different
Fe 3d orbitals, for example, in the electronic nematic
phase of the IBSs, one can employ the σ → σ′ scattering
geometry.
Before discussing the application of these results to the
study of the IBSs, we note one limitation of the Fe L3-
edge RIXS. Since the largest momentum transfer at the
Fe L3-edge (with a photon energy of about 710 eV) is
only about pi2a
30, the Fe L3-edge RIXS can only cover
one quarter of the first Brillouin zone in the IBSs. In
particular, the most important momentum for the stripy
magnetic correlation in the IBSs, namely, Q = (pi, 0) or
Q′ = (0, pi), is out of the reach of the Fe L3-edge RIXS.
In the magnetic ordered phase, Q is folded back to the
Γ point so that the spin fluctuation around Q becomes
accessible to the Fe L3-edge RIXS measurement. At the
same time, local moment fluctuation in the paramagnetic
phase is expected to be robust even for momentum far
away from the underlying magnetic ordering wave vec-
tor. The Fe L3-edge RIXS can thus be used to study
the orbital character of the spin fluctuation in both the
magnetic ordered phase and the paramagnetic phase.
In a previous study25, the spin fluctuation in the both
the magnetic ordered phase and the paramagnetic phase
of the IBSs are computed with RPA for a five-band itiner-
ant model. The result is then used to compute the RIXS
cross section at the Fe L3-edge. It is claimed that the
4long wave length spin wave excitation in the magnetic or-
dered phase has dominant 3dxy character. On the other
hand, it is found that no well defined dispersive mode
can be resolved around the Γ point in the paramagnetic
phase from such a calculation. However, it is well known
that the RPA scheme is unsuitable for the description of
the local moment physics in the paramagnetic phase. In
particular, it predicts that the spin fluctuation spectrum
around the Γ point in the paramagnetic phase should be
essentially unchanged by the RPA correction and be com-
posed of particle-hole continuum. This has been found to
be incorrect by recent experiment on heavily doped IBSs,
in which robust dispersive magnon mode has been ob-
served around the Γ point in the paramagnetic phase24.
At the same time, the power of polarization resolution of
the RIXS technique has not been fully explored in this
early study, in which only the polarization of the incident
photon is specified. This greatly limit the possibility of
resolving the orbital character of the spin fluctuation in
the IBSs with the RIXS technique.
Here we first consider the spin wave excitation of the
magnetic ordered phase of the IBSs. As a symmetry
restoration mode in the spin space, the long wave length
spin wave excitation is expected to inherit the orbital
character of the ordered moment. In a multi-orbital sys-
tem, the magnetic order parameter is in general a matrix
in the orbital space, with its matrix element defined by
Mµ,ν =
1
2
∑
σ σ〈c†i,µ,σci,ν,σ〉. The orbital character of the
ordered moment is encoded in the eigenvalues and eigen-
vectors of this matrix. In the IBSs, the lattice symmetry
around the Fe ions is broken to D2 in the magnetic or-
dered phase and the symmetry allowed magnetic order
parameter can only take the form of
M =

M1,1 0 0 | 0 0
0 M2,2 0 | 0 0
0 0 M3,3 | 0 0
−− −− −− −− −− −−
0 0 0 | M4,4 M4,5
0 0 0 | M4,5 M5,5
 . (11)
Thus the ordered moment has either pure t2g or pure eg
character. Previous studies indicate that the magnetic
moment in the IBSs is mainly contributed by the t2g
orbitals4,7. At the same time, since both the OSMT and
the OSSF happen in the t2g subspace, it is also the most
interesting place to study the orbital character of the spin
fluctuation in the IBSs. We will thus focus on the spin
fluctuation in the t2g subspace in the following discussion.
The selection rule for the Fe L3-edge RIXS process
becomes extremely simple in the t2g subspace. If we ap-
proximate the Wannier orbitals with the corresponding
atomic orbitals32, one find that the spin transition matrix
element within the t2g subspace is given by
sαµ,ν =
c
4
[(eµ·(in×out))(eν ·eα)+µ↔ ν](1−2δµν). (12)
Here c is a constant. eµ is a unit vector and is defined
as exz = ey, eyz = ex and exy = ez. in and out are
the polarization vector of the incident and outgoing pho-
ton. For completeness’ sake, the spin transition matrix
element within the eg subspace is given by
sαµ,ν = −
c
6
[eα · (in × out)](1− 2~nα · ~τµν). (13)
Here ~τ is the Pauli matrix in the eg subspace, ~nα is a
unit vector and is defined as ~nα = cosφαez + sinφαex,
with φz = 0, φx = − 2pi3 and φy = 2pi3 .
We now discuss how to separate the spin fluctuation in
the three Fe t2g orbitals in the RIXS measurement. First,
since the RIXS matrix element for spin excitation is pro-
portional to in× out, the σ → pi′ scattering geometry is
the most favorable for the detection of spin excitations.
Second, according to Eq.(12), the orbital character of
the spin fluctuation excited in the RIXS process is de-
termined by the factor eµ · (in × out). However, in the
σ → pi′ scattering geometry, in× out is nothing but the
unit vector in the direction of the outgoing photon. Thus,
to measure the spin fluctuation in the µ-th orbital, one
should align the direction of the outgoing photon with eµ.
The excited spin fluctuation is also in the eµ direction in
spin space. This is illustrated in Fig.2, in which we have
listed the matrix elements for collective spin excitation
in all major channels for the IBSs. Except for the un-
certainty in the small spin fluctuation weight on the two
eg orbitals, the orbital character of the spin fluctuation
in the IBSs can thus be fully resolved by the proposed
RIXS scattering geometries.
In the magnetic ordered phase of the IBSs, the or-
dered moment is found to lie in the FeAs plane and be
perpendicular to the ordering wave vector31. Assuming
Q = (pi, 0), the ordered moment is then pointing in the
y direction. According to the selection rule listed above,
one can either excite the transverse spin fluctuation in
the z direction in the 3dxy orbital by aligning the direc-
tion of the outgoing photon with the z-axis, or excite the
transverse spin fluctuation in the x direction in the 3dyz
orbital by aligning the direction of the outgoing photon
with the x-axis. The transverse spin fluctuation in the
3dxz orbital is inaccessible with the Fe L3-edge RIXS.
One way to solve this problem is to apply a magnetic field
in the y direction so as to rotate the ordered moment to
the x direction or z direction. In the paramagnetic phase,
RIXS can be used to measure the spin fluctuation in all
the three t2g orbitals with the same efficiency.
Such orbital-resolved information on the spin fluctu-
ation can be used to address some important issues of
the IBSs. The first issue is about the origin and nature
of the OSMT in the IBSs. It has long been anticipated
that electron on different Fe 3d orbitals may experience
different strengths of electron correlation and that a two
component picture with both itinerant electron and lo-
cal moment is needed to understand the magnetism of
the IBSs1,2. Among the five Fe 3d orbitals, it is gener-
ally believed that the 3dxy orbital is the most strongly
correlated3,4. Unlike the magnetism of the itinerant elec-
trons, the local moment is expected to be robust against
5FIG. 2: (Color on-line) The RIXS scattering geometries pro-
posed to detect the spin fluctuation on the (a)3dxz, (b)3dyz
and the (c)3dxy orbital and the corresponding RIXS matrix
elements. Here we have adopted the σ → pi′ scattering geom-
etry to maximize the matrix element of spin excitation. kout
is aligned with the y, x and z-axis in (a), (b) and (c). The
scattering plane has been set to be the x − y, x − y and the
y − z plane in (a), (b) and (c) for clarity and can be rotated
freely around kout. q|| is the momentum transfer in the x− y
plane and c is a constant. The spin fluctuation excited in (a),
(b) and (c) is along the y, x and z direction in the spin space.
3z2 − r2 ↔ x2 − y2 denotes the mixed 3z2 − r2 and x2 − y2
orbital character.
carrier doping and should survive even in the paramag-
netic phase. Indeed, recent RIXS measurement does find
evidence for the existence of dispersive magnon excitation
in the heavily-doped IBSs24, whose dispersion is found to
be very similar to the spin wave dispersion of the mag-
netic ordered phase of the parent compound. A natural
question to ask is then if the observed local moment fluc-
tuation in the heavily-doped IBSs has indeed a dominant
3dxy orbital character. This problem can be answered by
the RIXS measurement suggested above.
The second issue is about the origin and nature of the
OSSF, or, the relation between orbital ordering and spin
nematicity in the IBSs. Within the itinerant picture, it is
straightforward to see that the electron on the 3dxz and
the 3dyz orbital prefer different magnetic ordering pat-
terns, since the electronic state around (pi, 0) and (0, pi)
have dominant 3dyz and 3dxz character. The orbital or-
der that breaks the symmetry between the 3dxz and 3dyz
orbital will thus be linearly coupled to the stripy mag-
netic order with wave vector Q or Q′ and be generated
spontaneously in the magnetic ordered phase8,10–14. This
scenario of OSSF can be verified by comparing the size of
the ordered moment on the 3dxz and the 3dyz orbital in
the magnetic ordered phase, which again can be inferred
from the orbital character of the long wave length spin
wave excitation. In principle, the orbital selectivity in
the spin fluctuation pattern can also occur in the local
moment scenario. To decide if this is the case, one can
compare the spin fluctuation spectral weight in the 3dxz
and the 3dyz orbital around the Γ point in the paramag-
netic phase, in which case the itinerant spin fluctuation
becomes very weak.
Finally, we discuss the general structure of the spin
fluctuation in the orbital space of the paramagnetic
phase. For this purpose, we express the generalized spin
susceptibility in terms of its spectral representation as
follows
χµν,µ′ν′(q, iωn) =
∫ ∞
−∞
dω′
2pi
Rµν,µ′ν′(q, ω
′)
iωn − ω′ . (14)
Here Rµν,µ′ν′(q, ω) denotes the matrix elements of the
spectral density matrix and is given by
Rµν,µ′ν′(q, ω) = e
βΩ
∑
m,n
〈n|sµν(q)|m〉〈m|s†µ′ν′(−q)|n〉
× (e−βEn − e−βEm)2piδ(ω + En − Em),
(15)
in which En denotes the energy of the many-body
eigenstate |n〉, Ω is the grand potential of the system.
From this expression, it is straightforward to show that
Rµν,µ′ν′(q, ω) is a positive definite hermitian matrix with
respect to its index µν and µ′ν′. The 25 eigenvalues ρ(n)
and eigenvectors V
(n)
µ,ν of R can then be interpreted as
the spectral weight and the orbital character of the spin
fluctuation at momentum q and frequency ω. In general,
the eigenvectors V
(n)
µ,ν (q, ω) can have very complex mo-
mentum and frequency dependence and is not diagonal
6in the index µ and ν. More specifically, it is composed
of contributions from both the spin density and the spin
current excitation in the orbital space. Such complica-
tions are manifestation of the itinerant nature of the spin
fluctuation in the system, since the orbital character of
local moment fluctuation is expected to be much more
definite and much less sensitive to q and ω. A measure-
ment of the orbital character of the spin fluctuation in
the paramagnetic phase can thus provide invaluable in-
formation on the electron correlation effect in the IBSs.
We note that RIXS can be used to detect both the spin
density and the spin current fluctuation in the orbital
space.
In summary, we propose that the Fe L3-edge RIXS
can be used to detect the orbital character of spin fluc-
tuations in the IBSs. In particular, we find that the spin
fluctuation on the three t2g orbitals, namely, the 3dxz,
3dyz and the 3dxy orbital, can be selectively probed in
the σ → pi′ scattering geometry by aligning the direction
of the outgoing photon with the y, x and z axis. We
show that such orbital-resolved information on the spin
fluctuation can be very useful in the study of the OSMT
and the OSSF physics in the IBSs and deepen our un-
derstanding on the origin of the electronic nematicity and
pairing mechanism in the IBSs. The proposed technique
can also be used in the study of other transition metal ox-
ides in which the t2g orbital is dominating the low energy
physics.
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